Humans have experienced dramatic changes in diet over the last 10,000 years (Mathieson et al., 2015;  37 Quercia et al., 2014) . The Neolithic transition marked the beginning of wide-scale dietary and 38 demographic changes from subsistence by primarily nomadic hunting and gathering to sedentary 39 agriculture (Bocquet-Appel, 2011) . A second, equally dramatic nutritional shift occurred with the 40 Industrial Revolution in the mid-19th century, which led to widespread availability of processed flour 41 and sugar (Cordain et al., 2005) . These alterations of ancestral diets have been implicated in the The differences observed between archaeological and modern microbiomes may however not 76 necessarily arise from shifts in subsistence strategies but from many other factors that changed through 77 time. Additionally, direct comparison between modern microbiomes to those generated from ancient, 78 degraded remains is not straightforward. It thus appears that comparison of microbiomes from 79 contemporary populations exposed to similar environments but with contrasted lifestyles may 80 represent the best experimental design to test whether diet is directly shaping the salivary microbiome. 81 A series of studies have investigated the microbiome composition of modern hunter-gatherers in 82 comparison to neighboring populations of traditional farmers or more distant Western individuals 83 Morton et al., 2015; Nasidze et al., 2011; Obregon-Tito et al., 2015; Schnorr et 84 al., 2014) . Notably, a few studies detected an effect of subsistence strategy on the oral microbiome, 85 highlighting composition trends, such as the increased abundance of Fusobacteriaceae, Prevotellaceae, 86 Veillonella spp. and Haemophilus spp. in hunter-gatherers' oral microbiomes  87 Nasidze et al., 2011) . However, these common composition features may be largely coincidental and 88 need to be compared with data from other settings to consider them as diagnostic of subsistence 89 strategy.
90
In addition, comparisons of microbiomes for a single pair of populations (e.g. hunter-gatherer against 91 a population having adopted a Western diet) are likely to be confounded by additional differences in 92 geographical origin, health, socio-economic status and possibly genetic backgrounds between the 93 populations. To circumvent these problems, we designed our study around three pairs of populations 94 living in close proximity in the Philippines and sharing essentially the same environment: Batak and 95 Tagbanua, Aeta and Zambal and Agta and Casigurani, respectively hunter-gatherers (HGs) and 96 traditional farmers (TFs). This design allowed us to detect systematic differences between all three 97 pairs of populations that are much more likely to be driven by subsistence strategy. We also relied on 98 deep whole genome shotgun (WGS) sequencing rather than the more standard but limited 16S rRNA 99 amplicon-sequencing Nasidze et al., 2011) . While the additional costs of the 100 shotgun sequencing limited study sample size, it comes with an increased ability to resolve microbial 101 species composition -in particular for populations whose microbiomes have not been well 102 characterized to date -and also opens the door to direct investigation of the biological functions 103 involved in their adaptation. This WGS approach also allowed us to generate human genomes (2-20x 104 depth), which we used to control for a possible effect of the host genetic make-up. 105 The high-coverage oral microbiomes we generated were combined with previous datasets obtained 106 with a similar protocol from individuals from the USA subsisting on a Western diet (Hasan et al., 107 2014; The Human Microbiome Project Consortium, 2012). These data were processed with state-of-108 the-art taxonomic assignation and phylogenetic diversity analyses to tease apart the effect of diet, 109 environment and human genetic make-up in shaping the composition of the oral microbiome. (Table S1 ). Using the Oragene DNA OG-120 500 collection kit (DNA Genotek, Kanata, Canada), participants were asked to wash their mouth with 121 water and then to spit into the vial until it is half full. All the samples were transported to London UK, 122 where they were stored at the UCL department of Anthropology at -20°C.
123
The protocol was in accordance with the Helsinki Declaration, and was approved by the Ethics
124
Commission of the University College London, London UK. We further obtained ethical clearance 125 from the National Commission on Indigenous Peoples (NCIP) (Cariño, 2012 The libraries #1 and #2 were sequenced on one Illumina flow-cell each (8 lanes, one per individual), 154 while the library #3 was sequenced in two rounds, using two flow-cells (16 lanes, two per individual).
155
The whole sequencing process produced 21,362,688,072 reads (>870GB of data) passing filters 156 (Illumina CASAVA 1.8.0, default settings). Raw reads were processed using the first step of the 157 MOCAT pipeline (version 1.3) (Kultima et al., 2012) with standard settings (options "-identity 97 -158 length 45 -soapmaxmm 5"): reads were quality trimmed, adapters were removed, and so were reads 159 matching human when mapping to reference hg19 (Genome Reference Consortium Human Reference
160
[GRCh] 37) using SOAPAligner2 
165
Kraken reference database 166 We built a custom Kraken database (Wood & Salzberg, 2014) Levy et al., 2007; Wang et al., 2008) . The database was indexed for the distribution 173 of 31-mers in reference genomes, using 15-bp minimizers (Wood & Salzberg, 2014 were then assigned to a branch of a species tree built from the concatenation of the marker genes' 216 reference alignments, using a phylogenetic placement algorithm (Matsen, Kodner, & Armbrust, 2010 We used the metagenomic pipeline of the EBI (Mitchell et al., 2016) Philippines (Lipson et al., 2014) . They live in close proximity with the TF populations, Tagbanua,   263 Zambal and Casigurani, respectively, who are all descendants of a later wave of settlement (Cariño, 264 2012). The geographic distances between the locations occupied by the pairs of populations range 265 from 1 to 10 km, ( Fig. 1 ; Table S1 ).
266
Food exchange between HGs and TFs is common, with up to 50% of the HGs' meals nowadays 267 including rice . Despite this, the two populations maintain distinct diets. HGs are 268 foragers, i.e. still largely relying on fishing, hunting, and gathering (honey, leaves and wild fruits, 269 seeds and tubers; detailed records for Agta Table S7 ), whereas TFs rely on a traditional farming 270 subsistence strategy, which in the Philippines is mainly based on cultivated rice and vegetables and of which 77.0 to 94.7% could be assigned to the human genome (resulting in 2x-20x depth) (Table   283   S1 ).
284
Genetic differentiation and admixture between human populations 285 We explored the genetic structure of the human populations using a robust probabilistic framework 286 suitable for low and variable sequencing depth (Fumagalli, 2013; Skotte, Korneliussen, & 287 Albrechtsen, 2013 between HG and Westerner populations Schnorr et al., 2014) , suggesting that 317 batch effects are less important than effects of lifestyle.
318
We first characterized the microbial composition of all samples using Phylosift (Darling et al., 2014) , 319 a pipeline robustly estimating the relative abundances of all lineages of the Tree of Life based on reads 320 matching a dataset of 33 universally conserved marker genes and using a phylogenetic placement 321 framework (Matsen et al., 2010) intermediates between HGs and Western Controls (WCs) (Fig. 2 A, B) . This is illustrated by the clustering pattern of samples by geographic origin on PC3 (Fig. 2F) . Two out 371 of the three pairs of populations of HGs and farmers share the same mean coordinate on PC3 (Fig. 2C reflect that they often live in the actual same village (Fig. 1) , and engage in far more frequent social 379 and genetic exchanges than the other two pairs of populations (Cariño, 2012) .
380
Another composition gradient following the fourth PC axis segregates the samples according to their 381 subsistence strategy (Fig. 2D) by C. concisus, a species which abundance is up to 5% of a sample (Fig. 3) . C. concisus has been 424 hypothesized to be associated with Crohn's disease (Kaakoush et al., 2014) , an inflammatory bowel 425 disease with landmark high incidence in the developed world.
426

Global shifts in species composition
427
The gradient pattern of Neisseria spp. abundances (gradually higher in HGs than in TFs and WCs), 428 seen in the Phylosift-based edge PCA (Fig. 2E, G location of populations on PC3 (Fig. 2C, E (Fig. 4 A) , mirroring the gradient 457 observed in relative abundances of core oral taxa (Fig. 2 D) . This difference remains significant (t-test, mean diversity between population of HGs relative to their paired TF population (Fig. 4 C) , 464 notwithstanding variations between geographical groups (Fig. 4 B) . 465 An increased diversity in the oral microbiota is generally interpreted as evidence of poorer oral health 466 (Costalonga & Herzberg, 2014 annotations, including all in the top 1% discriminant ones).
498
Microbiomes from Westerners, and TFs to a lesser extent, were found to be enriched in metagenomic of Haemophilus in HGs' saliva might therefore be expected to lead to dental plaque acidification, and 507 the development of oral diseases like caries. However, this would also require the presence of 508 acidogenic bacteria and more crucially their sugar substrates, which the hunter-gatherer diet is unlikely 509 to provide, as can be seen for the Agta, for whom extensive diet data have been collected (Table S7) .
510
This is more likely to happen to the TFs and Westerners, whose diets are richer in starch and 511 processed sugars . It has been shown in synthetic oral communities repeatedly 512 exposed to pH drops that aciduric species including Veillonella spp. increased in frequency and 513 excluded Neisseria spp. (Bradshaw & Marsh, 1998) , a pattern reminiscent of our observations ( Figure   514 2). The relative lack of vitamin B5 in the Philippines foragers' diet could select for microbes that are able 531 to synthesize it de novo. Such selective pressure on the oral microbiome may explain some of the 532 taxonomic signatures we found to be associated with subsistence strategies. Notably, Haemophilus 533 spp., which we showed to be the main bacterial lineage depleted in the HGs' microbiomes (Fig. 2) Our results paint an interesting picture of the oral microbiome in HGs in terms of health and disease.
550
Oral microbiomes from HGs were significantly more diverse than those from TFs or Westerners, as 551 was found previously in distant hunter-gatherer populations Nasidze et al., 552 2011). While high diversity of microbiomes in the oral cavity has been associated with disease 553 (Griffen et al., 2012) , some of this diversity is likely to be adaptive to their forager diet as possibly 554 illustrated by the presence of species involved in the degradation of ligneous material such as
555
Treponema spp. (Obregon-Tito et al., 2015; Schnorr et al., 2014 We performed a Principal Component Analysis (PCA) using ngsTools (Fumagalli et al. 637 2014), which implements a method based on that of Patterson et al. (2006) and pairwise genetic distances were estimated using NGSadmix ) and 658 ngsDist (Vieira et al. 2015) , respectively. These methods again take genotype uncertainty into 659 account, and we used a minimum depth of 30 and a maximum of 300 reads.
serotype-specific capsule genes bcs1 and bcs2 were only present in 2/24 samples (AE10 and 699 AE12), and this distribution of hits did not appear to be related to sequencing depth. Estimation of pantothenic acid intake in American and Agta populations. Figure S1 : Distribution of relative abundances per sample relative to sequencing depth. Data before (A) and after (B) truncation of the lower-abundance species data. A sample is represented by each curve of species abundance kernel density, which is colored according to its microbiome sequencing depth (the number of reads, excluding those mapping to human), with colors for upper and lower bounds shown in lower insets. Results of an analysis of variance (ANOVA) testing the association of sequencing depth with the distribution of species abundance are shown in the upper insets. The 1e-12 cut-off for the truncated data was chosen as the lower integer exponent value so that the ANOVA Fisher test was not significant. 
